We refl ect on the topic of assessing the merit of software products developed by research groups within the academia. To this end, a model is proposed to defi ne the score of an arbitrary software product. The model consists of four determinants, namely new knowledge dissemination effect (K), impact in target population (I), technological innovation (T), and engineering achievement (E). These determinants are integrated into a "KITE" graphical model. The model admits both geometric and numeric interpretations, enabling decision makers to analyze profi les of software productivity for a particular academic unit from a quantitative or qualitative viewpoint. The ratings, which enable software to be scored regarding each determinant, are also described. Following the model, preliminary test lists are sketched as a proposal of measurement instruments for these scores.
Introduction
Productivity of research groups is associated with the amount and calibre of their intellectual output, particularly in the form of research papers, books, patents, screen-plays, musical compositions, and so forth. Quality and visibility assessment of such output is achieved usually by means of self-regulatory dynamics of knowledge dissemination within academic communities. For example, an infl uential paper is expected to be published in a journal with a high impact factor, which guarantees a strict peer-review examination by some of the fellow experts in the corresponding fi eld. Another example would be the case of a classic book whose permanent reader demand requires the published in several editions on a regular basis. Similar dynamics would apply to the other products (patents, scripts, scores). In other words, the assessment of these products is a relatively straightforward task using such implicit, and at the same time, objective mechanism (although well-documented criticisms and fl aws have been presented for established metrics such as the impact factor [8] , [11] , [13] , [16] ).
In contrast, the case of academic software products seems blurry. This is because software is a product usually confi ned to the limits of industrial output, not faculty output. To the best of our knowledge there is no clear defi nition of ratings for quality, dissemination, usefulness, innovativeness or other software attributes in an academic context. On the other hand, however, software can be an important factor when defi ning aspects such as the orientation of an academic unit (scientifi c or technological), its target population (local, national, worldwide), its standards of community-interaction and so on. Therefore, a model for objective evaluation and assessment of such products is necessary and must be made clear and available to the community. As any measurement instrument, such a model should allow calibration of the software pro-ductivity of a particular academic unit, and also be helpful in guiding their efforts towards the production of high-quality, valuable and user-friendly academic software. The latter is a challenging task. Software evaluation is usually confi ned to the in-dustry, where a wide range of metrics and estimation models have been proposed and consolidated [6] , [12] , [15] . There, software development is driven by profi ts. Within the academia however, software is developed on the basis of its contribution to re-search projects. In this context, software is driven by knowledge and innovation. The purpose of this paper is to discuss these elements and organize them into a model that can be used to evaluate the merit of software products and moreover, that serves as a tool for academic decision-makers when identifying the profi les of software productivity in their faculty, and also when making suitable policies to support, promote and reward any achievement accordingly.
The model
The diffi culty in defi ning a model for software assessment within the academia lies in the fact that, besides the intrinsic complexity of software development, there are researchrelated factors that must be taken into account. Some examples of the sort of questions that may rise in this regard are as follows: Is the software product implementing and distributing new ideas or technologies in a given fi eld or subject? Is the software product needed by, relevant to or widely-usable by the community it was designed for? Is the software product robust, fast, well-documented, available, safe, reliable, reusable? Or even better, to what extent is the software product complying with all of the previous attributes?
Our attempt to solve these questions is described in the following. We devised four determinants that are relevant to defi ne the value a software product within the academia, namely, new knowledge dissemination effect (K), impact in target population (I), technological innovation (T), and engineering practices adopted during its development (E). These determinants can be geometrically combined as the axes of four quadrants (K-I, I-T, T-E, and E-K) in a two-dimensional plane. We assume an arbitrary software product can be rated in each determinant; then, by joining with straight lines the scoring marks in each determinant, a frame is obtained whose inner area would defi ne the product fi nal score (assessment). Such frame visually resembles the shape of a rhomboidal kite, which inspired the name of the model (see Figure 1 ). As we shall discuss in the next section, the maximum ratings in each determinant would be different, as also would be the actual contribution to the total area from the triangular regions in each quadrant. Hence, the maximum contributions for a total score (area) of 100% according to the efforts devoted to the development as well as to the outlook for potential use of the software, were appraised as follows 1 : ▪ E-T quadrant. The area of this component would depend on the quality of software engineering attributes adopted during product development, and also on the degree of technological innovation it comprises. Its measurement would be fi rmly supported by the standards embraced within the software industry, particularly in terms of what is commonly accepted as good engineering practices as well as the widely-known innovation frameworks. The ratings of the product regarding these aspects would be the core of the assessment model, thus allowing a maximum contribution to the total score of 48%.
▪ K-E quadrant. In the context of academia, software production would be ideally closely related to research. The purpose of measuring this aspect is to grant additional merit to high-quality software intended to support or promote the dissemination and application of new knowledge. Consequently a relevant contribution to the total score of up to 32% is allocated to this component.
▪ I-T quadrant. The incorporation of the I determinant is aimed at promoting wider distribution and awareness of academic software. Therefore, this component is intended to evaluate the scope and impact on local and external target-communities, where the software product may become useful technology. We decided to associate a maximum contribution of 12% of the total score to this aspect.
▪ K-I quadrant. Similar to the I-T component, the purpose here is to give some credit to the extent and capacity of the software to disseminate new embod-ied knowledge (if any) to its intended research audience. Although secondary from an industrial-oriented viewpoint, this aspect is regarded as a particularly important goal for academic-oriented software. Hence, a minor yet relevant maximum contribution of 8% to the total score is assigned.
Now, an arbitrary software product can be assessed by computing the score (S ◊ ) obtained from the sum of the areas in the resulting triangular regions in each quadrant. Let us denote the ratings of the software product in each determinant as K, I , T , E, and the area of triangles K -E-T and K -I -T as ∆ E and ∆ I respectively; then the final score is straightforward to compute:
It is worth noting that the model can be regarded from two different points of view. In the fi rst one, the kite can be split into an upper half and a bottom half. In this view the maximum contribution of the K -E-T triangle (upper half) accounts for 80% of the total score. This percentage would be highly correlated to the E score, in other words, to the software engineering effort and practices involved during the development of the product, which is intuitively the most relevant aspect to be assessed in a software product. Notice that the fi nal contribution of this triangle would be modulated by the degree of technological innovation as well as the new-knowledge injection. On the other hand, the K -I -T triangle (bottom half) contribution represents the impact of the software product in terms of visibility and usage, once again, modulated by the K and T scores. The latter is an important aspect of communication in academia, which motivated the inclusion of this component. Nevertheless, we consider it as a less relevant target for software development, hence the smaller score allocation from the total score (a maximum of 20%).
From another point of view, the kite can be split into a right-hand half and left-hand half. In this view, the E-T -I triangle (right half) would account for a maximum of 60% of the total score. This refl ects the common scenario of a software froduct that becomes technology of choice, again depending on its engineering maturity and visibility impact. A higher weight in the fi nal scoring is assigned to this aspect. The E-K -I triangle (left half) however, also makes a contribution of up to 40% of the total score. This is specifi cally aimed at academic contexts where promoting the association between software production and research is extremely relevant.
In order to compute Equation (1), we have designed a number of tests that determine the merit of the software product in each determinant. The criteria, range, ratings and rationale of such tests are discussed next.
Determinants range and ratings
Let us assume that the fi nest academic software product will shape up a kite with an area equivalent to 100 points. Thus, we defi ne the following range for the ratings in each determinant:
The unnormalised kite for S* Observe that within those ranges, a fi rst-rate academic software product S  would get the ratings E = 16, K = 4, T = 6, I = 4. By setting up unitary scales in each axis, the KITE model of S  would be rendered as in Figure 2 . Notice that despite the irregularity of the shapes in the resulting triangles, this arrangement will preserve the maximum proportion of contributions mentioned in Figure 1 . In fact, the area (score) of S  would amount to:
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which also equals the score that would have been computed trough Equation (1) . The remainder of this section focuses on the rationale behind these ranges, as well as on the proposal of tests designed to measure the ratings in each determinant. Assuming that engineering should be the crux behind of software creation process, we shall proceed fi rst with the E determinant.
The E determinant
Academic software is on its own nature, commonly regarded as the early prototypes of proof-of-concept or proof-of-technology endeavours that stem from non-industrial academic factories (in the best scenario) or more frequently, from academic research groups. Nevertheless, we believe that academic software production must be guided by the principles of software engineering so as to guarantee to a certain extent the development of high-quality products that would eventually embark on a feasible trail of future industrial development. The more quality attributes the product achieves, the more potential benefi t or profi t the academic group receives in return for their invested efforts and costs. In the light of such remarks, this determinant is pivotal to the model, since it measures the degree of fulfi llment of software engineering practices adopted during the making. Its purpose is to motivate compliance with minimal standards in order to guarantee the development of valuable software, software that would be really helpful or appreciated by its target community.
The measurement instrument of this determinant is inspired by established and widely-known software estimation models in the industry. The instrument consists on a series of check-lists for a number of technical attributes defi ned in [3] . The designs of these tests are based on the models of [6] , [12] , [15] , adapted in scope and pertinence to an academic context. The defi nitions of each quality attribute {E i } i 8 =1
are given below, where each E i is a number between [0, 2]. The tests designed as measurement tools for these attributes are provided in different guides or technical books as [14] , [12] while the preliminary KITE's checklists for this determinant are showed in Appendix B. E 3 : Performance. Efficiency in managing machine resources (processor time, memory, bandwidth, etc.) in order to accomplish the intended purpose of the software, specially for large data volumes. E 4 : Usability. User-friendliness: how easy or convenient to use the software product actually is.
Integrity. The quality of maintaining consistency as well as safeguarding the information processed by the software product.
E 6 : Portability. Possibility of running the software product on more than one operating system or hardware platform with minimal effort.
Compatibility. Support of input and output data formats and persistence schemes used by the same software in previous versions, or by other related software tools, without major conversion or modifications required.
E 8 : Documentation. The availability of technical documentation related to the development and utilisation of the software product (design diagrams, listings, test reports, manuals, user-guides, online help, etc.).
The fi nal rating in this determinant would be given by the sum in Equation (2) . The range would be clearly, E ∈ [14]. 
The K determinant
In contrast to industry settings, research-driven development of software can be a relevant goal for an academic unit. Consequently, the model was designed so as to assign some merit to a software product developed as a dissemination device for new knowledge originated in either basic or applied research. In this respect the K determinant modulates the contribution of the E determinant to the overall assessment of the product, since the contribution of the ∆ KE would be + KE 2 . In other words, the more fi rmly engineered and research-supporting is the product, the higher the score it will obtain.
In scoring this determinant we took some inspiration from the widely accepted practice of publishing scholarly papers, which is closely related to the premise of knowledge dissemination stated above. Thus, the following two criteria were defi ned: K 0 : Ingenuity. Is the software product a realization of a previously unknown natural, social, organizational, scientifi c, algorithmic or computing model?
To what extent the fundamental research associated to the software product has been communicated to the relevant scientifi c community?
The fi rst criteria is an indicator variable that characterises the software product as either the output of a research study or not (K 0 ∈{0, 1}). The second criteria is associa-ted to the dissemination of the research foundation that prompted the creation of the software product, i.e. its publication in scholarly peer-reviewed journals, con-ferences or scientifi c repositories. The range of this variable is K 1 ∈ [0, 4]. The score of the determinant is computed using Equation (3). Evidently, K ∈ [0, 4]. The checklists designed to rate these criteria are given in Appendix A.
The T determinant
This determinant is aimed at measuring the degree of technological innovation achieved through the software product. One of the diffi culties in defi ning this measuring aspect is that there is no defi nitive agreement regarding the meaning of innovation in the software industry [4] . Based on discussions reported recently on the literature [4] , [5] , [9] , [10] and also on our own experience in the fi eld, we settled for the following viewpoint. Key to the concept of innovation is the formulation of a novel idea. With respect to the problem at hand, a novel idea would be realized when the software product is proposing a new usage of a known technology (e.g. in application soft-ware, when transferring technology from one fi eld of application to another, or from one community to another), or when the software itself yields new technology (espe-cially in system or embedded software when new architectures, protocols or models of computation are proposed). Thus, technological innovation would refer to the process of embarking on, testing, adjusting and refi ning that novel idea, in such a way that its materialisation within a new context or process produces a positive effect [9] .We focus now on defi ning how to measure technological innovation.
We restrict ourselves to the concept of product innovation since other facets of innovation (process, marketing, or organizational) in our opinion are not intrinsically relevant to a software product. Building upon the approach in [10] , which has been rigorously validated in the industry, the following aspects are considered, suitably adjusted to the context of academic software (they are denoted {T i } T 5 : Originality. Is it a self-contained software product (pioneering innovation), an add-on to an existing installation (incremental innovation) or an upgrade (boosting innovation)?
T 6 : Endogenicity. Is the source of innovation endogenous to the academic unit, exogenous or combined?
The fi nal rating would be given by Equation (4) 
The I determinant
This determinant was included to adjust the assessment of the software product with respect to aspects such as visibility, availability, openness and utilisation by its target community. These aspects are combined into what we regard as the "impact" of the software product. The rationale is that the merit of the software product should be be proportional not only to the quality of the software per se but also to the impact it is having or might have on its latest or future releases. In this sense the model attempts to promote, on the one hand, continuity of software projects for the academic group that creates the software product (to allow improvement through new technologies and functionalities as the product spreads and popularises within its target community). On the other hand, this will motivate the academic units to evaluate the relevance, effect and scope of their associated software authors or factories on a regular basis.
The defi nition of these criteria, denoted {I i } The fi nal rating associated to this determinant is computed using Equation (5), resulting in a range I ∈ [0, 4]. 
Conclusions
Increasing rates of academic research output, due to the growth of their corresponding software production lines, motivate the proposal of comprehensive and impartial models for the evaluation of such products so as to provide unbiased assessment of their quality, impact, innovation and originality. Furthermore, such models may become useful tools for researchers and decision-makers alike. Researchers can use them to open up new perspectives in considering academic software development seriously (as one of their career aims). Decision-makers can use them to identify the suitable software production profi les of their institutions, and also to support and reward their faculty accordingly. We expect the rationale behind the KITE model described in this paper to contribute to taking initial steps towards such scenario.
In addition to its hypothetical use as an academic software productivity-profi ling tool, the model can also be considered as an evaluation instrument within compensation schemes in the academia. Such schemes are designed to award faculty with salary bonuses proportional to the quality and visibility of their academic products. A well-balanced appraisal between the merit and the reward of software products in this context will encourage academic groups to develop fi rst-class research-oriented or technology-oriented software. The latter is likely to have a positive impact on academic productivity, as it has been already highlighted in various studies in other areas [1] , [7] .
As a fi nal remark with respect to the KITE model itself, it is worth noting that its modularity and conceptual abstraction make it feasible to extend the model to the assessment of other kinds of academic products, such as hardware, business processes, integrated circuit layouts, industrial designs and technical standards or any other engineering prototypes. In fact, these products share a common technological nature as artifacts resulting from engineering and scientifi c principles. The extension of the model would require a deeper insight into some defi nitions in order to achieve generalization, perhaps as a meta-model formulation. We anticipate that, in such formulation, the notions ascribed to the E determinant would be pivotal (those concerning the rigorous exercise of the relevant engineering branch or other involved disciplines in order to create a fi rst-class product). The path to develop this meta-model is still under discussion considering that either a deductive or an inductive construction may be possible. For the time being, we are working on the concrete instruments needed to make the KITE model operative. Instrumentation and validation of the model will be reported in a forthcoming study. Resistance towards invalid input data or incorrect commands.
Fault-tolerance to operating system or hardware crashes.
Agreement between the software product and its specifi cation.
The software product can be adjusted to unforeseen changes in its underlying operating environment.
The software product admits incorporation of external changes with low effort.
Support to functionality extensions in future versions.
A well-defi ned version control procedure for the software.
The software product adheres to architectural styles allowing easy scalability (e.g. blackboard style, publish-subscribe style).
Capability of scaling-up designs in order to improve performance.
The software uses confi guration fi les for operating parameter settings.
The user interface is decoupled from the domain logic.
The software can be easily debugged.
The software exhibits adaptive manteinability.
Well-documented architectural design.
E 3
Compliance with stated expected response times for each use-case or functionalities.
The software delivers within admissible stated response times (average, minimal, maximal).
The software is able to handle concurrency.
Usability under lower or bad rates of performance.
Compliance with stated expected response times for batch processing, if any.
The user interface is self-explained or easy to understand.
The user interfaces is customizable.
Depth vs breadth ratio of user options is appropriate.
The software can be adapted easily to new operating systems or hardware.
E 5
The software mitigates the impact of expected security breaches.
The software properly catches security breaches.
High safety level against known vulnerabilities.
High data-reliability level for simulated operating system or hardware breakdowns.
High data-integrity level for unexpected breakdowns or unauthorized access.
The software is platform-independent.
New layers of software can be added to the original product.
The software provides portability to other hardware platforms.
The software supports standard technologies for system integration.
The software architecture (subsystems or components) is well-documented and comprehensible.
The software provides versioning information for subsystems and components. Structure, domain and persistance models are well-documented.
Dynamic and behaviour models are well-doucmented.
User guide and administrator manual are well-documented and comprehensible.
The software is equipped with extensive and friendly online help assistance.
E fi nal score: T = ∑ 
